In this letter, we analyze the amplify-and-forward (AF) two-way cooperative relaying scheme with regard to the average data transmission rate and the symbol error probability. By investigating the Moment-Generating function (MGF) and the k-th moment of "extraharmonic" mean of two variables, we derive an exact closed-form expression for the symbol error probability (SEP) and the approximate average sum rate. Analysis results show that the proposed scheme achieves higher SEP performance as well as a lower data rate than the conventional AF two-way scheme. Additionally, it also matches the SEP performance of the one-way AF cooperative scheme but attains higher sum rate. Finally, Monte Carlo simulation results will be shown to confirm our analytical results. key words: two-way relaying channel, amplify-and-forward, average sum rate, symbol error rate
Introduction
Recently, the two-way relay channel (TWRC) has been receiving much attention since it can improve the transmission rate of two data-exchanging terminals by the use of an intermediate relay. Traditionally, in order to exchange information between two nodes, the one-way relay scheme exploits four phases, i.e., two phases for sending information from one node to the other and two ones more for the reverse direction as in Fig. 1(a) . By another way, TWRC employs two or three phases to exchange the data according to the amplify-and-forward (AF) [1] , [2] or decode-and-forward (DF) [3] strategies; hence, the spectral efficiency can be raised. Nevertheless, there has been a fundamental tradeoff between the communication reliability and transmission rate in TWRC. Although the conventional TWRC schemes can get the high data rate, most of them have not achieved the diversity in the data transmission because each terminal only receives signal from the relay ( Fig. 1(b) ). Thus, TWRC with cooperative transmission has been introduced to improve the transmission quality as in [4] , [5] and [6] . However, to the best of our knowledge, the analytical expressions for the AF two-way cooperative scheme have not been investigated yet.
Therefore, this paper provides an exact technique to evaluate the transmission rate and the symbol error probability (SEP) of the AF two-way cooperative relaying scheme. In this scheme, the three-phase transmission is required to exchange the information between two terminals with the The one-way AF cooperative relaying scheme [7] . (b) The two-way AF relaying scheme [2] . (c) The two-way AF cooperative scheme.
assistance of one relay. Within first two phases, each terminal broadcasts its data, respectively; then in the third phase, the relay combines two received signal, amplifies and broadcasts to both users. After receiving the relay's signal, the terminals can reduce the self-interference component to get the necessary information. Hence, each user receives two versions of the other's signal (through direct link and relay link); then, the diversity of two can be achieved by using the Maximal Ratio Combining (MRC) technique ( Fig. 1(c) ). In order to investigate this system, the average sum rate and the symbol error probabilities are studied based on the MGF and the moments of the "extra-harmonic" mean (see analysis for more clear understanding). The analysis results and the simulations let us see that the proposed scheme can achieve the deeply lower SEP than the conventional scheme with single antenna in [2] ; however, the data rate of our scheme is also lower. That is considered as the trade-off between the communication reliability and the transmission rate. Moreover, based on the higher sum rate and the approximate SEP in comparison with the one-way AF cooperative scheme [7] , the AF two-way cooperative scheme shows a good ability to become a potential scenario in the exchange information network.
System Model
Consider the wireless network shown in Fig. 1(c) where node A and node B exchange two symbols x A and x B with the assistance of one relay R. Each terminal is equipped with single-antenna transceiver and operates in a half-duplex mode over the slow frequency-flat block Rayleigh fading channels. We assume that the channel coefficients are constant during a transmission frame consisting three phases and change independently to the next. In the first two
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where y XY is the received symbol at node Y from node X; h XY is the channel gains between X and Y (presume, h XY = h YX ). n XY is the zero-mean mutually independent, complex Gaussian noise with the variance N 0 , P X is the transmitted power of terminal X. Here, X, Y can be taken from A, B, R.
In the third phase, the relay combines two received signals in two previous phases, normalizes the summation signal based on its transmit power constraint P R and broadcasts this signal to both users A and B. The summation signal y R and the power normalization factor G R at the relay R can be given as
It is easy to recognize the similarity between the transmissions of two terminals A and B, so we just consider the received signal at node B. The signal received at B in the last phase can be obtained as
We assume perfect knowledge of the corresponding channel coefficients are achieved at nodes A and B, thus the self-interference component G R h BR h RB √ P B x B can be diminished at B and y RB can be reduced as
Assume the MRC combining technique are applied at two destination. Based on (1) and (3), the SNR of the received signals at the B can be described as
For simplicity of derivation, we consider the equal power allocation for all node; denote P A = P B = P R = P = 2P T /3 where P T denotes the total transmission power for one symbol.
2 /N 0 represent the instantaneous SNR of the channels among A, B and R, respectively. Due to Rayleigh fading, γ 0 , γ 1 and γ 2 are modeled as exponential random variables with meansγ 0 ,γ 1 andγ 2 . When P N 0 , we have γ 0 , γ 1 , γ 2 1; thus, the Eq. (4) is approximated as
Performance Analysis
We first present the results of the moments and the MGF of the "extra-harmonic" mean of two independent exponential distributed random variables (r.v.). The "extra-harmonic" mean of x and y is defined as
T heorem 1: Let x and y are two independent exponential distributed r.v.s with the meansx andȳ. Then the MGF and the k-th moment of H a,b (x, y) are given respectively as n−m+s n+m+s
n−m n+m 
Then, with the help of [9] (Eq. 3.471.9), the MGF of X and Y can be respectively given by
where 
where L −1 {.} denotes the inverse Laplace transform. According to (11) , getting the differentiation we can achieve the PDF of H a,b (x, y) as
Using the Laplace transform [9] (Eq. 6.621.3), the MGF of H a,b (x, y) can be expressed as (7). Additionally, from (12) the k-th moment of H a,b (x, y) can be given with the help of [9] (Eq. 6.621.3) as n−m n+m T heorem 2: The k-th moment of the exponential distributed r.v. z (with the meanz) is expressed according to [9] (Eq. 3.326.2) as
The Average Sum Rate
Within three time slots, the user A transmits one symbol to the user B, thus the instantaneous mutual information of the transmission from A to B is given as
The average sum rate is defined as the expectation over the instantaneous mutual information
with g (γ B ) = log 2 (1 + γ B ). To calculate E {g (γ B )}, we describe g (γ B ) following its Taylor's series expansion around
where E γ 
Thus, by substituting Eqs. (17)- (20) into Eq. (16), the average data rate from A to B can be written as
in which E β k 1,3 can be achieved based on the theorem 1. Similarly, the average rate of the links B → A can be given by E {R B→A } = r γ 0 , β 3,1 . Thus, the average sum rate of the information transmission between A and B can be expressed as
The SEP Performance Analysis
Using the well-known MGF-based approach [10] and from the fact that γ 0 , γ 1 and γ 2 are independent, we get the average SER of M-ary phase-shift keying (M-PSK) for the transmission from A → B as
where Θ = π − π/M, g = sin 2 (π/M) and Φ H 1,3 (γ 1 ,γ 2 ) (s) can be achieved by the theorem 1.
Simulation Results
In this section, the exact average sum rate and SEP performance obtained from simulations are shown together with the analytical results. We consider the linear network geometry where d and (1 − d) respectively present the distances from R to A and B (0 < d < 1), the path loss exponent is 3 (v = 3). Hence, the channel variances are performed as
For fair comparisons based on the number of symbol transmission, the one-way schemes spend the power P T for one symbol and the two-way schemes spend 2P T for exchanging two ones.
In Fig. 2 , we present the average sum rates of three schemes: the AF two-way relaying scheme [2] , the AF oneway cooperative scheme [7] and the AF two-way cooperative relay scheme versus the values of d and P T /N 0 = 25 dB. It can be observed that the data sum rate of our scheme is higher than that of the one-way scheme and lower than AF two-way non-cooperative scheme's one [2] . The figure also illustrates that the average sum rates of all the three schemes are maximized at d = 0.5. Figure 3 shows the average symbol error probability of M − PS K (M = 2, 4, 8, 16) versus SNR (P T /N 0 ) for the AF cooperative two-way relaying scheme in which the relay is located at the highest data rate position, d = 0.5. From the figure, we can see that the SEP increases according to the growth of M. Additionlly, the advantage of the investigated scheme can be further discussed by referring to Fig. 4 where the bit error rate of BPSK is shown for all three schemes. Our scheme strongly outperforms the two-way AF of [2] , since each user receives two slightly different versions of the same signal. Here, by considering the results from both Fig. 2 and Fig. 4 , we can see that there is a trade-off be- tween the data sum rate and the communication reliability in the two-way relaying schemes. Exchanging data within two phases in the conventional work will achieve the high data rate, but also gets the higher error probability and versa. On the other hand, the cooperative two-way scheme achieves an approximate result unlike the one-way AF cooperative transmission. Hence, the two-way cooperative scheme can not only achieve the diversity but also get the higher data rate than the one-way scheme. Finally, as can be seen, analytical results well agree with those of the simulations.
Conclusion
The AF two-way cooperative scheme has been investigated and confirmed by Monte-Carlo simulations on the views of the data rate and the symbol error probability. The results also show that there is the tradeoff between the communication reliability and the data rate transmission for the twoway relay schemes by comparing the studied scheme to the AF two-way non-cooperative scheme. Our scheme achieves significantly better SEP performance at the cost of lower data rates. Additionally, in comparison with the AF one-way cooperative scheme, the average sum rate of our scheme is higher than the one-way scheme beside the roughly SEP performance.
